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Fig. S1. Empirical model of tissue reflectance fitted to experimental diffuse reflectance 
from esophageal tissue. An empirical model of tissue reflectance, R() = ’s() /(k1a() + k2), 
was fitted to the mean of 320 diffuse reflectance spectra captured from in vivo human esophageal 
tissue in a previous study [1]. Databook values of ’s and a were taken from [2]. This 
determined the values of k1=0.26 and k2=14. The root mean square error (RMSE) of the fit was 
0.0168.

Time taken to optimize n filters / seconds
Method

n=3 n=9 n=16 n=25

Evenly Spaced ~0 ~0 ~0 ~0

Mutual Information 0.63 0.60 0.61 0.64

Min RMSE (Gradient Descent) 190 2400 4700 3100

Min RMSE (GA) 8400 6900 3700 1600

Max RMSD (GA) 48 130 280 28

Min Spectral Angle (GA) 32 152 127 29

Table S1. Computation times for each of the optimization methods for n = 3, 9, 16 and 25 filters.



Fig. S2. The selected filters for n = 2–25. Filters are shown as black bars with the center 
wavelength represented by the center position of the bar and the FWHM represented by the 
width of the bar. (a). Evenly spaced filters. (b). Filters optimized by minimizing mutual 
information. (c). Filters optimized by minimizing RMSE via gradient descent. (d). Filters 
optimized by minimizing root-mean-square-error (RMSE) via genetic algorithm. (e) Filters 
optimized by maximizing spectral angle via genetic algorithm. (f) Filters optimized by 
maximizing root-mean-square-difference (RMSD) via genetic algorithm.  Example ground truth 
spectra for ATHb = 1 and SO2 = 0, 0.2, 0.4, 0.6, 0.8 and 1.0 are shown in faint blue to red 
respectively to allow comparison with the selected filter sets.



Fig. S3. Mutual Information. (a). Example spectra from the model hypercube with total 
abundance ATHb = 0.25, 0.5, 0.75 and 1 and SO2 = 0, 0.2, 0.4, 0.6, 0.8 and 1. (b). Normalized 
mutual information in the ground truth signal hypercube (see Eq. 32 in the main manuscript).



Fig. S4. Example filter set performance for imaging of biologically inspired vessels. The 
ground truth abundance maps for two regions of the vessel image are shown (top). For each of 
these regions, the estimated abundance maps are shown for imaging with n = 2, 3, 4, 5, 6, 7, 8 
and 9 filters selected using three different methods: evenly spaced filters, filters optimized by 
minimizing mutual information and filters optimized by minimizing root-mean-square-error 
(RMSE) via a genetic algorithm (GA). The red channel represents the abundance of 
oxyhemoglobin. The blue channel represents the abundance of deoxyhemoglobin.
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